SUMMARY
Paracetamol is an analgesic widely used in children and does not induce nausea and vomiting. It has a good reputation for safety within the recommended dosage. The analgesic effect of paracetamol is thought to be directly related to its plasma concentration 1 . Although plasma concentrations associated with antipyretic efficacy are known, those associated with analgesic efficacy have not been determined.
Tonsillectomy is a common procedure in childhood resulting in significant morbidity due to pain , nausea and vomiting. Nonsteroidal anti-inflammatory drugs (NSAIDs) have been used to control pain 2 without the nausea and vomiting induced by opioids 3 . The NSAIDs inhibit platelet function by blocking prostaglandin synthesis and can result in increased blood loss during tonsillectomy 4 . Paracetamol does not have such side-effects.
We studied the analgesic efficacy of paracetamol in children following tonsillectomy who had been given no analgesic other than a loading dose of paracetamol. Paracetamol was given either orally or rectally in order to produce high variations in plasma paracetamol concentrations at 30 minutes postoperatively.
MATERIALS AND METHODS
Approval from the Auckland Hospitals Ethics Committee was obtained. One hundred ASA physical status 1 and 2 patients aged 3 to 15 years scheduled for outpatient tonsillectomy with or without adenoidectomy were enrolled into the study. Parental consent was obtained for each child. Children were randomized in blocks of four to either rectal (pr) or oral (po) paracetamol by opening sealed envelopes one hour prior to surgery.
Group A consisted of 50 children who were given paracetamol elixir (250 mg/ml) 40 mg/kg 40 minutes preoperatively. The 50 children in group B received sodium citrate 40 minutes preoperatively as a placebo and were given paracetamol suppositories 40 mg/kg after anaesthetic induction.
Children were unpremedicated. All children received 20 ml/kg of an intravenous balanced salt solution. Anaesthesia was induced with either propofol 3 mg/kg IV or inhalation of halothane and 70% nitrous oxide in oxygen. Intravenous atracurium 0.4 mg/kg was given to facilitate tracheal intubation. Anaesthetic maintenance consisted of halothane and 70% nitrous oxide in oxygen with controlled ventilation. At the end of the procedure neuromuscular blockade was reversed with neostigmine (0.05 mg/kg) and atropine (0.02 mg/kg). The trachea was extubated once the surgical field was dry and spontaneous respiration established. They were then transported to the recovery room.
The suppositories used are a paracetamol slurry contained in a glycogelatin capsule and are available in two sizes, 125 mg and 250 mg. At 30 minutes postoperatively a pain score was estimated by an independent pain nurse practitioner who was blinded to the method of paracetamol delivery. At the same time a venous blood sample was taken for serum paracetamol concentration analysis. Pain scores were assessed by children using a visual analogue smiley face scale 5 or by the pain nurse practitioner using an objective scoring system (the Hannallah OPS 6,7 ) in those under five years. A score of less than 4 is considered minimal pain, less than 6 tolerable pain and more than 6 needs medication 4 . Paediatric recovery nursing staff offered children whom they assessed to be in severe pain, morphine 0.05 mg/kg intravenously as rescue therapy. Once awake and alert all children were offered flavoured iceblocks and a parent was invited into the recovery room. Children were kept a minimum of four hours before discharge. A postoperative telephone survey was made the following morning to determine incidence of vomiting.
Statistical Analysis
Pain scores were compared between groups using a Mann-Whitney U-test. Plasma paracetamol concentrations were compared between groups using an unpaired two-tailed t-test. A Chi squared test using Yates correction factor was used to compare morphine administration between groups, vomiting between groups and the relationship between morphine and vomiting. Pooled data was used to investigate the relationship between paracetamol concentrations known to reduce temperature and satisfactory analgesia (pain score 6/10). This pain score was assessed using a hypothesis test to compare unpaired proportions for children who received morphine above, or below and equal to 6/10. Hypothesis tests to compare two unpaired proportions, using a continuity correction, were performed at plasma paracetamol concentrations of 0.05, 0.07 and 0.09 mmol/l.
Paracetamol Analysis
Samples from each patient were separated by centrifugation and stored at -20°C until analysis. Paracetamol levels were determined by fluorescence polarization immunoassay using the Abbott TDx (Abbott Laboratories, Abbott Park, IL 60064, U.S.A.). The analyses were performed according to the manufacturers' instructions. The controls were Dade TDM level 1 and Dade TDM level 2 diluted in house fivefold with blank serum (Baxter Diagnostics, Deerfield, IL 60015, U.S.A.). The mean values obtained over the entire study consisting of 17 batch analyses were 0.195 (SD 0.011) mmol/l (level 1) and 0.077 (SD 0.005) mmol/l (diluted level 2). These are within the expected ranges quoted by the manufacturers. The between-day precision calculated from this control data is 5.4% and 6.5% at these two levels. All results were obtained using the same calibration and were reported by the TDx to the nearest 0.01 mmol/l.
RESULTS
There was no difference in mean age, mean weight or sex between groups (Table 1) . Children who were given paracetamol po preoperatively (Group A) had higher peak plasma paracetamol concentrations than those who were given paracetamol pr (Group B) (mean 0.15, SD 0.06 vs 0.05 mmol/l, SD 0.03, P<0.001). Group A children had lower median pain scores than group B (median, 25 th -75 th centile: 5, 4-6; 7, 5-8, P=0.018). Of the 50 patients in group A, 10 required morphine in the recovery room, compared with 23 of 50 in group B (P<0.001). Ten children in group A and 9 in group B vomited in the first 24 hours. There was no significant relationship between morphine administration and vomiting (Table 2) .
Analgesia and its relationship to plasma paracetamol concentrations of 0.05, 0.07 and 0.09 mmol/l are shown in Table 3 . Efficacy improved with concentration. The cut-off of 6/10 as describing satisfactory analgesia was confirmed by examining morphine use above and below this score. Pain scores above or below and equal to 6/10 and morphine use are shown in Table 4 . Cumulative frequency curves were drawn for children with pain scores below and equal to 6/10 and 5/10 as plasma paracetamol concentration increased (Figure 1 ). These show recruitment of patients with satisfactory analgesia as plasma paracetamol concentration increases. A ceiling analgesic effect with paracetamol is evident. Only 6 of 37 children with paracetamol concentrations above 0.13 mmol/l had pain scores above 6/10.
DISCUSSION
These data confirm for the first time that there is a relationship between the plasma concentration of paracetamol and the proportion of patients in whom adequate analgesia is achieved. Previous studies using 10 mg/kg of paracetamol have shown no more analgesic effect than placebo 8, 9 . The oral and rectal routes of paracetamol administration resulted in a wide spectrum of plasma paracetamol concentrations. This enabled analysis of analgesia at different plasma paracetamol concentrations following a focal surgical insult.
The pharmacokinetics of the rectally administered paracetamol slurry contained in a glycogelatin capsule have been studied 10 . A mean peak concentration of 0.115 mmol/l is reached at 2.3 hours (Tmax) following a dose of 40 mg/kg. A mean plasma concentration of 0.07 mmol/l (SD0.04) is reached within one hour of delivery, which we had hoped would be coincident with recovery from tonsillectomy surgery. We noted a mean plasma paracetamol concentration of 0.05 mmol/l (SD 0.03) at sampling after approximately 30 minutes in the recovery room (50 minutes after administration). This provided unsatisfactory analgesia in 23 of 50 children who were given suppositories. Children given paracetamol elixir 40 minutes before surgery had mean plasma concentrations of 0.15 mmol/l (SD 0.06), lower pain scores and a lower requirement for supplemental opioids.
Absorption of oral medications prior to surgery is variable. Peak serum levels of paracetamol are attained after 30 minutes in children not presenting for surgery 11 surgery. Nahata 13 has demonstrated peak plasma levels of 0.15 mmol/l after 30 mg/kg paracetamol orally. Liver toxicity is associated with levels above 0.8 mmol/l 11 . In our study we wished to achieve concentrations within the therapeutic range for fever control. Children were not assessed for analgesia until approximately 90 minutes after po paracetamol administration. A dose of 40 mg/kg was chosen to ensure "fever control" concentrations at this time and to simplify analgesia charting by keeping both rectal and oral doses of paracetamol the same.
Several recent papers 4, 14 have investigated the analgesic efficacy of paracetamol alone after tonsillectomy in children. These studies have demonstrated the need for supplemental analgesia in the postoperative period. Rusy et al 4 showed low or even undetectable serum paracetamol concentrations in the first 40 minutes after surgery after 30 to 35 mg/kg pr intraoperatively, consistent with rectal paracetamol pharmacokinetics 10 . Mather's 14 data lacked postoperative serum paracetamol concentrations after 20 mg/kg po one hour preoperatively. While plasma concentrations of paracetamol which correlate with analgesia are unknown it seems reasonable to assume that they are similar to known concentrations which reduce fever 15, 16 (0.066-0.132 mmol/l 11 ). We have shown plasma paracetamol concentrations in this range provide satisfactory analgesia with pain scores less than or equal to 6/ 10. Unsatisfactory analgesia at paracetamol concentrations above 0.13 mmol/l occurred in 6 of 37 children. A plasma paracetamol concentration above 0.07 mmol/l gave satisfactory analgesia to 46 of 62 children (75%). There is high variability of pain scores both between individuals and within one individual at different times. This response has been demonstrated with opioids where predictability of analgesia is often uncertain. Following a standard dose of an opioid, plasma concentrations may vary fivefold. Variability in the therapeutic plasma level that blocks a defined response to a stimulus in 50% of patients may also be three-to fivefold [17] [18] [19] . We have noted a similar response with paracetamol, a nonopioid analgesic.
The incidence of vomiting was the same in both groups (20%) and was unrelated to morphine administration. Antiemetics were not used. Morphine given at induction of anaesthesia increases the incidence of postoperative vomiting after outpatient inguinal surgery in children 3 . Vomiting after tonsillectomy has a reported incidence of over 50% [20] [21] [22] when anaesthesia is supplemented with opioids including codeine, pethidine and morphine. The anaesthetic technique was similar in all series. Anaesthetic gases such as nitrous oxide do not increase the incidence of vomiting after outpatient adenoidectomy and tonsillectomy 23 . We did not observe either the high incidence of vomiting or the morphine-vomiting effect described by others. This may be due to the lower doses of morphine given (0.05 mg/kg vs 0.1 mg/kg) in our study, or the low incidence may be reflective of surgical bipolar diathermy of the tonsillar bed, resulting in a drier surgical field and less swallowing of blood, which is known to be irritant.
Paracetamol provides satisfactory analgesia for most children after tonsillectomy, provided plasma paracetamol concentrations are within the range known to reduce fever. We achieved these concentrations after a single oral dose of paracetamol 40 mg/kg. Although these concentrations can be reached by the rectal route, consideration must be given to duration of surgery and predicted plasma concentrations at emergence from anaesthesia.
